Abstract-The experiments on the fabrication of materials based on the Ti-3Al-0.5Ta and 3Ti-2Al-Ta systems by self-propagating high-temperature synthesis (SHS) are performed. The influence of the composition of the initial mixture, dispersity of powders, and preliminary mechanical activation on the phase composition and structure of the SHS product is investigated. The optimal ratio between the mechanically activated and initial powder in a mixture for the synthesis of materials is determined. The dependence of the structure of final products on the structure of initial powders is established. The use of porous tantalum leads to the formation of the intermetallic matrix based on titanium aluminide with the uniform distribution of Ta particles. It is noteworthy that tantalum powders of both studied series (which differ by dispersity and morphology) partially reacted already at the stage of mechanical activation with the formation of the Al 2 Ta phase. It is shown that aluminum plays the leading role in processes of mechanical activation in Ti-Al-Ta reaction mixtures. Indeed, a considerable rise of unreacted tantalum particles in the microstructure of sintered samples is observed with a decrease in the amount of aluminum in the reaction mixture.
INTRODUCTION
The rapid development of science and technology requires the development and creation of new functional and construction materials combining the optimal complex of properties such as low density, high melting point, oxidation resistance, high strength and hardness in combination with high plastic characteristics, chemical stability, biological compactibility, etc. [1] . As such materials, alloys based on titanium and tantalum have become the most widespread (Ti-Ta and Ti-Al-Ta systems). Currently, they are widely used in various branches of industry such as aviation, space, medicine, etc. Titanium is one of the innumerous metals that have been used as a material for implants for more than 60 years [2] . Its alloys are corrosion-resistant and biologically compatible. Currently, the Ti-6Al-4V alloy is often used in medicine as an implantation material; however, vanadium, which enters its composition, is toxic. To solve this problem, the methods of deposition of biocompatible coatings on wares made of this alloy are developed [3] .
In this study we propose replacing vanadium by tantalum in this composition as an alternative. In recent years, the application of Ta in medicine has been developed, particularly in the restorative surgery, due to the combination of high strength and hardness with good plastic characteristics, as well as chemical stability and biological compatibility. Alloys of the Ti-Ta system possess the best mechanical and bio-
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chemical properties compared with pure titanium due to a higher elasticity modulus and high strength [3] , as well as the memory shape effect [4] . Characteristics of corrosion resistance of the Ti-Ta alloy also exceed those for pure titanium.
Since tantalum has a high melting point, the acquisition of titanium-containing alloys is as a rule a power-consuming and technically complex process (casting and pressure treatment).
One promising method of acquisition of materials based on titanium and tantalum is self-propagating high-temperature synthesis (SHS) [1, 2, 5] . As for the Ti-Ta-Al system, due to a small thermal effect, the use of the preliminary mechanical activation as, for example, for SHS of tantalum silicides [16] , can be useful.
The goal of this study is to investigate the influence of parameters of the initial mixture and preliminary mechanical treatment on the structure and properties of Ti-Al-Ta-based materials SHS-synthesized in the thermal explosion mode. To attain it, the following problems were solved: (i) the determination of optimal parameters of the initial mixture (in the course of experiments, the dispersity and morphology of powders, as well as the composition of the initial mixture, were varied);
(ii) the investigation of the dependence of the structure, microstructure, and phase composition of initial and synthesized materials in the dispersity, composition, and amount of the activated mixture.
EXPERIMENTAL
In our experiments we used powders of aluminum of ASD-4 grade with dispersity lower than 20 μm, titanium of PTS grade with d < 100 μm, and tantalum with d < 300 μm.
Powders of elements in molar ratios Ti : 3Al : 0.5Ta and 3Ti : 2Al : Ta were mixed in a porcelain mortar for 20 min. Then the part of mixtures were activated in an AGO-2 planetary-type mechanical activator for 5 min under a load of 90 g (the ratio between the mixture and balls of 1 : 20) in the air medium. Initial and activated powders were mixed in a mortar again with different contents of the activated additive (0. 25, 50, 75, and 100 wt %). Cylindrical pellets 10 mm in diameter and 5 mm in height with a relative density of 0.65 were compacted from prepared mixtures. The samples were placed into a chamber, which was evacuated and filled to atmospheric pressure, and heated from below with an incandescent molybdenum coil to their self-ignition. Thus, the reactions passed in the thermal explosion mode. The prepared materials were investigated by scanning electron microscopy (SEM, backscattered electron mode), electron probe microanalysis (EPMA), and X-ray phase analysis (XPA).
To evaluate the influence of initial powders on reaction products, we used Ta powders of various dispersities and morphologies ( Fig. 1) .
Tantalum of series 1 has a broader particle-size distribution (form units to several tens of micrometers) and porosity of particles. The particle shape is preferentially globular, while their average size smoothly varies when passing from one group (fraction) to another one.
Tantalum of series 2 has a narrower particle-size distribution. The particles are preferentially fragmentary and agglomerated into granules. The rather pronounced distribution into two fraction takes place, notably, coarse with the average particles size of 100-200 μm and fine with the particle size of ~10 μm. It seems likely that coarse agglomerates partially destructed during the mixture preparation.
EXPERIMENTAL AND RESULTS
AND DISCUSSION The preliminary mechanical activation (MA) of the powder mixture had led to the intensification of the diffusion interaction between reagents due to an increase in the degree of milling the initial material (a decrease in the crystallite size, an increase in the total surface of the phase interface, and the rise of the excess surface energy and the defect concentration). The results of the X-ray phase analysis of the mechanically activated powder mixture (Fig. 2) showed the presence of the Al 2 Ta phase, which indicates the formation of the intermediate reaction product at the mechanical activation stage for tantalum of both series.
A higher intensity of the spectral line was observed for the mixture with tantalum of series 1. The formation of the intermediate phase due to the MA of powders is confirmed by the data of the energy dispersive analysis (Fig. 3) . Conglomerates with a layered structure are formed during the MA irrespective of the initial structure and starting particle size of the tantalum powder (Fig. 3) . The analysis of their surface showed the presence of all three elements (Ti, Ta, and Al) and regions with Al 2 Ta.
The microstructure and phase composition of prepared samples were investigated by scanning electron microscopy. The samples containing ≤50% activated powder of the total mass were investigated in the form of slices and on the breakage, while the samples with 75 and 100% mixture were investigated only on the breakage, since the brittle structure of synthesized materials did not allow us to prepare the slice. Our analysis revealed the distinction in the structure of the samples depending on the initial composition of mixtures. For example, in the absence of mechanically activated components, tantalum particles in the initial mixture are distributed uniformly in the Ti-Al intermetallic matrix (Fig. 4a) . The samples containing MA additives have a higher solubility of the Ta particles (Fig. 4b) . Their microstructure is rather highly porous and represents the continuous skeleton of elongated platelet-shaped formations repeating the initial shape of the mechanically activated powder. We can assume the presence of phases Al x Ti y , Al x Ti y Ta z , and Al x Ta y by the ratio of concentrations of elements in recording points by the tables of energy dispersive analysis.
Similar investigations were also performed for the samples formed based on the mixture of tantalum of series 2 (Fig. 5) . Poor solubility of Ta particles compared with the powder of series 1 was observed in this case. Unreacted particles of tantalum about 5-15 μm in size uniformly distributed in the sample bulk were found among the reaction products, which is confirmed by the XRD data (Fig. 6) . We can assume that the porous structure of the powder of series 1 promotes the better dissolution of Ta particles in the reaction course.
The results of X-ray phase analysis of synthesized samples showed the presence of a large amount of the Al 6 TiTa ternary phase, especially for the samples with the content of mechanically activated samples of 50% (see Fig. 6 ), which agrees well with the electron microscopy data.
In the course of the synthesis, we fabricated samples consisting of flaky particles of the Al 6 TiTa ternary phase (Fig. 7) . The latter is formed in a form of the equiaxial granular structure and the grains have approximately equal sizes in all directions; the directionality of their sizes is absent. It should be noted that the Al 6 TiTa phase is formed due to the high-temperature reaction in the samples either containing no mechanically activated particles or having them in amount up to 50% (Fig. 8) . However, its content in the reaction product is insignificant, but the content of the Al 6 TiTa phase increases with an increase in the content of activated components in the starting mixtures.
To investigate the composition of mixtures, we performed experiments in the 3Ti-2Al-Ta system with a smaller amount of aluminum. Taking into account the results of previous experiments, we used the tantalum powder of series 1 in view of its better solubility in these experiments. The mixture was preliminarily mechanically activated, but the size of acquired flaky particles turned out smaller, while the shape of conglomerates became more rounded compared with the previous compositions (Fig. 9) .
The results of SEM investigations of synthesized samples showed that the use of activated components as the additive into the total mixture in this system made it possible to increase the solubility of tantalum particles considerably. The solubility of tantalum particles and their reaction with the surrounding substance worsen with a decrease in the content of MA particles in the starting powder (Fig. 10) . The diffusion propagation region of the atoms of the dissolved fraction of tantalum particles is shown in the photographs in a form of zones of the increased contract (Fig. 11) .
Thus, our experiments allow us to speak about the importance of the component ratio in the initial mixture, as well as on the MA influence on their reaction ability.
CONCLUSIONS
Our studies demonstrated the possibility of fabrication of Ti-Al-Ta-based materials by self-propagating high-temperature synthesis. The dependence of the structure of synthesized materials on the morphology of tantalum powders, the composition of the initial mixture, and its preliminary mechanical treatment is investigated. It is revealed in the course of experiments that the Al 2 Ta phase is formed already at the stage of mechanical treatment.
The results of structural-phase investigations showed that the porosity of fabricated materials increases with an increase in the amount of mechanically activated components in the initial mixture. Indeed, the sample with the content of the MA additive of 75 and 100% in the initial mixture had high porosity and a single-phase composition (the Al 6 TiTa The samples without additives or containing an amount smaller than 25% possessed lower porosity, and their microstructure consisted of the intermetallic matrix with a uniform distribution of unreacted tantalum particles, which corresponds to the structure of dispersedly strengthened materials.
Based on our results, we can conclude that the reaction activity of tantalum particles is higher after the preliminary activation. Tantalum particles having a porous structure with the more developed specific surface (powder of series 1) manifest higher activity in SHS reactions.
A considerable increase in the amount of unreacted tantalum particles in the microstructure of synthesized samples is observed as the parameters of the initial mixture vary towards lowering the aluminum content. The structural homogeneity of the samples is higher already at the mechanical activation stage. Consequently, aluminum plays the leading role in processes of mechanical activation in the Ti-Al-Ta reaction mixtures. This conclusion is confirmed by the structural-phase composition of synthesized samples.
Thus, it is shown that it is promising to fabricate the materials based on the Ti-Ta system by the thermal explosion method with the preliminary mechanical activation of the mixture. The results of the investigation into the structure of synthesized samples evidence the distinctions in reaction mechanisms depending on the ratio of the mechanically activated and nonactivated mixtures. Our experiments allowed us to establish the dependence of the structure of final products on the structure of initial powders. The use of porous tantalum leads to the formation of the intermetallic matrix based on titanium aluminide with the uniform distribution of Ta particles. It is noteworthy that tantalum of both series partially reacted already at the MA stage with the formation of the Al 2 Ta phase. The results of our study are of interest for further investigations into the fabrication of materials with a specified structure and properties based on titaniumtantalum alloys.
